SOLID-STATE IMAGE PICKUP DEVICE AND 
DRIVING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a solid-state image 
pickup device, and particularly to an MOS type solid-state 
image pickup device and a method of driving the MOS type 
solid-state image pickup device. 

2. Description of the Related Art 

MOS type solid-state image pickup devices are known as 
one type of solid-state image pickup devices. Further , as one 
of the MOS type solid-state image pickup device is known a 
solid-state image pickup device of transferring signal charges 
of photodiodes constituting pixels to a detection portion using 
transfer transistors and then reading out the signal charges. 
This type of MOS type solid-state image pickup device has a 
CMOS logic circuit in the same chip and the pixels are operated 
with the same single low-voltage power source as the logic 
circuit unlike the CCD type solid-state image pickup device. 
Accordingly , for example when the transfer transistors are 
n-channel MOS transistors, the gate voltage of the transfer 
transistor in each pixel has two values of OV and a power 
resource voltage vdd. 

Two components, one of which is signal charge 



corresponding to the amount of incident light and the other 
of which is a dark current component (dark electrons) flowing 
in the photodiode of each pixel even when no light is incident, 
are accumulated in the photodiodes during a charge accumulation 
period. The dark electrons are not separated from the signal 
charge in the reading operation , and dispersion of the dark 
electrons causes noises. Particularly, the dispersion of dark 
current every pixel causes a fixed pattern noise, and an image 
is achieved as if it is picked up through frosted glass . Further, 
the time-dispersion of the dark current causes a random noise. 
Accordingly, it is an important problem for the MOS type 
solid-state image pickup device to reduce the dark current at 
maximum. 

An embedded photodiode is known as a conventional 
technique of reducing the dark current. The most dark current 
generating source is the interface between Si and Si0 2 above 
the photodiode. If this area is depleted, dark current would 
flow into the photodiode. Accordingly, the oxide film interface 
on an n-type semiconductor region constituting the photodiode 
is neutralized by a p-type region to suppress occurrence of 
dark current. 

Fig. 11 shows a part of a pixel having a conventional 
embedded photodiode, that is, shows the cross-sectional 
structure of an embedded photodiode and a transfer transistor. 

As shown in Fig. 11a p-type semiconductor well region 
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72 is formed on an n-type or p-type semiconductor substrate 
71, and a photodiode PD and a transfer transistor Q T are formed 
in a pixel area sectioned by an element separating layer (Si0 2 
layer) 73 formed by selective oxidation (LOCOS) of the p-type 
semiconductor well region 72, thereby forming a pixel 70, that 
is, the main part thereof „ The photodiode PD is formed as a 
so-called embedded photodiode by forming an n-type 
semiconductor region 74 serving as a charge accumulating area 
in the p-type semiconductor well region 72 and then forming 
a p-type semiconductor region 75 having the opposite conduction 
type to the n-type semiconductor region 74 on the upper surface 
of the n-type semiconductor region 74. The transfer 
transistor Q T is constructed by setting the n-type 
semiconductor region 74 of the photodiode PD as one 
source/drain region and forming a transfer gate electrode 7 8 
through a gate insulating film (for example, Si0 2 film) 77 
between the region 74 and the other n-type source/drain region 
76 formed in the p-type semiconductor well region 72. The other 
n-type semiconductor region 7 6 of the transfer transistor Q T 
is constructed as a detection portion. 

In this construction, the p-type semiconductor region 
75 is formed at the interface between the n-type semiconductor 
region 74 and the oxide film 79 above the n-type semiconductor 
region 74 constituting the photodiode PD, so that the depletion 
of the interface can be prevented and occurrence of dark current 
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from the interface can be suppressed. This photodiode is the 
embedded photodiode. 

The MOS type solid-state image pickup device is required 
to operate with a low voltage. For example, as compared with 
the power source voltage of 12V for the CCD type solid-state 
image pickup device , a low power source voltage of 3V or less 
is needed to the MOS type solid-state image pickup device. In 
this case, signals of photodiodes are read out only within such 
a low voltage range that the signals can be transmitted from 
the photodiodes, so that it is difficult to keep a sufficient 
saturation signal amount. Accordingly, the dynamic range is 
small and the gradation cannot be adjusted. 

On the other hand, occurrence of dark current from the 
oxide film interface of the photodiodes is suppressed by the 
embedded photodiodes, however, the other residual dark current 
components produce fixed pattern noises and random noises under 
low illumination. Therefore, more improvements have been 
required to be made for MOS type solid state image pickup 
devices in order to have high S/N and high sensitivity. 

Further, in the MOS type solid-state image pickup device, 
when light having a light amount above saturation level is 
incident to the photodiodes PD, photoelectrically-converted 
signal charges, that is, photoelectrons in this case overflow 
from the photodiodes PD. The photoelectrons thus overflowing 
are diffused and expanded in the p-type semiconductor well 
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region 72, and invade into the photodiodes PD of the 
surrounding pixels to cause false signals. This phenomenon is 
called as "blooming" . In order to prevent the blooming, the 
overflow path of the overflowing photoelectrons (so-called as 
"overflow path") is placed in advance to prevent diffusion of 
the photoelectrons into the p-type semiconductor well region 
72. 

In the prior art, the overflow path is set in the channel 
portion of the transfer transistor Q T , and the photoelectrons 
overflowing from the photodiodes PD are made to flow out through 
the channel portion of the transfer transistor Q T into the 
detection portion (n-type source/drain region 76) side. The 
overflowing photoelectrons are made to flow out to a reset 
transistor side by the detection portion as not shown. 

However , in this construction, as the potential of the 
channel portion of the transfer transistor Q T is lowered, that 
is, when OV is applied to the transfer gate electrode 78, the 
potential of the channel portion is equal to about 0.5 to 0.6V, 
and as the potential of this channel portion is lowered to 0V 
side, the amount of charges which can be passed through the 
overflow path is reduced. 

In the MOS type solid-state image pickup device, the 
dynamic range is enlarged by increasing the saturation signal 
amount. Therefore, it is required that the amplitude of the 
gate voltage to be applied to the transfer gate is set to a 
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large value, that is, the potential of the channel portion of 
the transfer transistor during the charge accumulation period 
is lowered- However, the conventional MOS type solid-state 
image pickup device has a problem that the enlargement of the 
dynamic range by increasing the saturation signal amount is 
incompatible with the ensuring of the performance of the 
overflow path as described above. 

The foregoing description is made on the assumption that 
electrons are set as signal charges and the n-channel MOS 
transistor is used as the transfer transistor. However, the 
same problem also occurs on the assumption that holes are set 
as signal charges and a p-channel MOS transistor having the 
opposite conduction type is used as the transfer transistor. 

SUMMARY OF THE INVENTION 
The present invention has been implemented in view of 
the foregoing situation, and has an object to provide a 
solid-state image pickup device that can further reduce dark 
current, and a method of driving the solid-state image pickup 
device. 

The present invention has another object to provide a 
solid-state image pickup device that secures a function of 
overflow path, thereby enabling to more surely suppress 
blooming, and a method of driving the solid-state image pickup 
device. 



A solid-state image pickup device and a method of driving 
the solid-state image pickup device according to the present 
invention include a photodiode, a detection portion and a 
transfer transistor for transferring charges accumulated in 
the photodiode to the detection portion, wherein the gate 
voltage of the transfer transistor when electrons or holes are 
accumulated as the charges in the photodiode is set to a 
negative voltage or positive voltage. 

In the present invention, charges overflowing from the 
photodiode are made to flow out through a bulk out of a channel 
portion of the transfer transistor. An area through which the 
charges overflow from the photodiode is formed of an area having 
a lower concentration than the semiconductor well region. 

In the present invention, the gate voltage of the 
transfer transistor when electrons or holes are accumulated 
as the charges in the photodiode is set to a negative voltage 
or positive voltage, whereby the channel portion of the 
transfer transistor is inverted and occurrence of dark current 
components from the interface between the channel portion and 
the gate insulating film can be suppressed. 

Further, the charges overflowing from the photodiode are 
made to flow out through the bulk out of the channel portion 
of the transfer transistor, whereby the area of a so-called 
overflow path is increased and the function of the overflow 
path is improved. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing an embodiment according to 
a solid-state image pickup device of the present invention; 

Fig. 2 is an operation timing charge to describe the 
operation of the solid-state image pickup device of Fig. 1; 

Fig. 3 is a circuit diagram showing an example of a buffer 
circuit applied to the present invention; 

Fig. 4 is a circuit diagram showing another example of 
the buffer circuit applied to the present invention; 

Fig. 5 is a cross-sectional view showing an embodiment 
of the constituting part of a photodiode and a transfer 
transistor which constitute a pixel applied to the present 
invention; 

Fig. 6 is a cross-sectional view showing another 
embodiment of the constituting part of the photodiode and the 
transfer transistor which constitute a pixel applied to the 
pr es ent invent ion ; 

Fig. 7 is a cross-sectional view showing another 
embodiment of the constituting part of the photodiode and the 
transfer transistor which constitute a pixel applied to the 
present invention; 

Fig. 8 is a cross-sectional view showing another 
embodiment of the constituting part of the photodiode and the 
transfer transistor which constitute a pixel applied to the 
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pres ent invent ion ; 

Fig. 9 is a characteristic diagram showing the 
relationship between the negative potential of a transfer gate 
and dark current of a pixel to describe the present invention; 

Fig. 10 is a cross-sectional view to describe occurrence 
of dark current; and 

Fig. 11 is a cross-sectional view showing the 
constituting part of a photodiode and a transfer transistor 
which constitute a pixel of a conventional MOS type solid- 
state image pickup device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
There are a variety of views about origins of generating 
residual dark current components other than the dark current 
occurring from the interface between the upper surface of a 
photodiode and an insulating film. For example, a first view 
is that dark current from the oxide film interface above the 
photodiode cannot be sufficiently suppressed, a second view 
is that there are defects at the end portion of LOCOS (selective 
oxidation) insulating later serving as an element separation 
layer and they serve as dark-current generating origins, a 
third view is that minority carriers in a p-type semiconductor 
well region or p-type semiconductor substrate are diffused, 
a fourth view that dark current thermally occurs in the 
depletion layer between the photodiode and the p-type well 



region, etc. 

The inventors of this application have carefully 
analyzed the residual dark current components and discovered 
the following points. 

(1) Dark current from the interface of the insulating film 
(for example, gate oxide film) below the transfer gate is 
dominant for the embedded photodiode. As indicated by arrows 
a, b of Fig. 10 (the same construction as shown in Fig. 11), 
the dark current occurring at the insulating film interface 
below the transfer gate due to defects 81 of the interface 
divisionally flows into an n-type semiconductor region 74 of 
a photodiode PD and an n-type source/drain region 7 6 serving 
as a detection portion. 

(2) In the interface of the insulating film below the 
transfer gate, the effect of reducing the dark current is small 
even when a p-type layer is formed to have such a small thickness 
that the signal charges of the photodiode can be transmitted 
with a low voltage of 3.3V or less. 

(3) Almost of the residual dark current components can be 
reduced by setting the transfer gate to a negative voltage 
during an accumulation period to thereby form a channel of holes 
at the oxide film interface below the transfer gate, whereby 
S/N is dramatically enhanced and the image quality is rapidly 
improved . 

By selecting the construction of (3), the saturation 
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charge amount of the photodiode is increased, so that the 
dynamic range can be enlarged and the gradation of images can 
be enhanced. This is because if the low level of the gate voltage 
to be applied to the transfer gate is set to a negative potential 
while the high level is not varied, it increases the amplitude 
of the transfer gate by the corresponding amount. The effect 
of increasing the saturation charge amount is achieved by 
setting the transfer gate to the negative potential, and the 
negative potential is not needed to be set to such a level as 
to generate a channel of holes. 

Further, it is preferable that an overflow path for 
discharge charges overflowing from the photodiode is formed 
in a bulk out of the channel portion of the transfer transistor* 
That is, in a surrounding area of the photodiode which is 
located in a predetermined direction from the photodiode, no 
semiconductor well region is formed, and an n-type 
semiconductor region or p-type semiconductor region having an 
impurity concentration lower than that of the p-type 
semiconductor well region is formed in place of the p-type 
semiconductor well region. This n"* or p~ type semiconductor 
region having the low impurity concentration functions as an 
overflow path to discharge charges overflowing to the substrate 
side, the detection portion side or both the sides. 

With this construction, the overflow path can be set, 
not in a narrow channel portion, but in a bulk portion having 
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a large cross-sectional area. Since the overflow path can be 
set to be broad, the blooming preventing capability is enhanced, 
so that the potential of the overflow path can be set to a low 
value, the saturation signal amount of the photodiode can be 
increased and the dynamic range can be enlarged. Particularly 
when the negative potential is applied to the transfer gate, 
in the conventional MOS type solid-state image pickup device, 
the function of the overflow path of the channel portion is 
greatly lowered. Therefore, the structure of the present 
invention is effective. 

Next, preferred embodiments according to the present 
invention will be described in detail with reference to the 
accompanying drawings . 

Fig. 1 is a diagram showing an embodiment of a solid-state 
image pickup device, that is, MOS type solid-state image pickup 
device according to the present invention. 

The MOS solid-state image pickup device 1 according to 
this embodiment comprises a sensor portion 3 having plural 
pixels 2 (2 X1 , 2 12 , 2 21 , 2 22 ) arranged in a matrix form, a vertical 
scan circuit 4 and a horizontal scan circuit 5 for driving the 
sensor portion 3, a CDS (correlated double sampling) /signal 
holding circuit 6 (6 L/ 6 2 , ♦..) for receiving the signals of pixels 
2 of first line from the sensor portion 3, and an output 
amplifier 7. 

In this embodiment, the pixels 2 are illustrated as 2 
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pixels x 2 pixels for convenience's sake, however, a large 
number of pixels are actually arranged. 

Each pixel 2 comprises a photodiode PD (PD llf PD 12 , PD 21 , 
PD 22 ) for performing photoelectric conversion, a transfer 
transistor (MOS transistor) Q T (Q T11 , Q T12 , Q T21 , Q T22 ) for 
transferring the signal charges of the photodiode PD to a 
detection portion N (N u/ N 12 , N 2i* ^22) / an amplifying transistor 
(MOS transistor) Q A ( Q A11 , Q A i2/ Q A 2i/ QA22) for outputting the 
potential of the detection portion N to a vertical signal line 
8, an address transistor (MOS transistor) Q D (Q D11 , Q m2 r Q D2 ir 
QD22) f° r selecting a line of the pixels 2, and a reset transistor 
(MOS transistor) Q R (Q R11 , Q R12 , Q R21 , Q R22 ) for resetting the 
potential of the detection portion N. 

The cathode of the photodiode PD is connected to one main 
electrode of the transfer transistor Q T , and the anode thereof 
is connected to the ground. The other main electrode of the 
transfer electrode Q T is connected to the gate electrode of 
the amplifying transistor Q A and also connected to one main 
electrode of the reset transistor Q R . The gate electrode of 
the transfer transistor Q T is connected from the vertical scan 
circuit 4 to a vertical read-out line 11. 

One main electrode of the amplifying transistor Q A is 
connected to a power source voltage Vdd, and the other main 
electrode thereof is connected to the vertical signal line 8 
through the address transistor Q D . The gate electrode of the 



address transistor Q D is connected from the vertical scan 
circuit 4 to a vertical selection line 12. 

The other main electrode of the reset transistor Q R is 
connected to the power source voltage Vdd, and the gate 
electrode thereof is connected from the vertical scan circuit 
4 to a reset line 13. 

Reference numeral 15 represents a buffer circuit 
connected to the vertical selection line 12 , and reference 
numeral 16 represents a buffer circuit connected to a reset 
line 13. 

As shown in Fig. 3, each of the buffer circuits 15, 16 
is formed of a p-channel MOS transistor 23 and an n-channel 
MOS transistor 24 , that is, it is formed of a so-called inverter 
circuit based on a CMOS transistor. The drain side of the 
p-channel MOS transistor 23 is connected to the power source 
voltage Vdd, and the source side of the n-channel transistor 
24 is connected to the ground (GND). The input side of the 
inverter circuit is connected to the vertical scan circuit 4, 
and the output side thereof is connected to the vertical 
selection line 12 or the reset line 13. 

In order to make the understanding easy, in this 
embodiment, each of the buffer circuits 15, 16 is constructed 
by one-stage inverter circuit, however, it may be constructed 
by plural-stages of inverter circuits. 

In the buffer circuits 15, 16, when a low-level pulse 
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is applied from the vertical scan circuit 4 side, the p-channel 
MOS transistor 23 is turned on to output the power source 
voltage Vdd to the vertical selection line 12 or the reset line 
13 at the output side. When a high-level pulse is applied , the 
n-channel MOS transistor 24 is turned on to output the negative 
voltage to the vertical selection line 12 or the reset line 
13 at the output side* 

A negative load transistor (MOS transistor) Q L serving 
as a constant-current source is connected to one end of each 
vertical signal line 8, and the CDS/signal holding circuit 6 
is connected to the other end of each vertical signal line 8 
through a switch element (MOS transistor) Q s . The CDS/signal 
holding circuit 6 is a circuit for outputting the difference 
of two voltage signals input in time-series* 

An operation pulse $ L is applied to the gate of the 
negative load transistor Q L , and an operation pulse 0 SH is 
applied to the switch element Q s . 

The output terminal of the CDS/signal holding circuit 
6 is connected to the horizontal signal line 9 through a 
horizontal switch element (MOS transistor) Q H . The horizontal 
switch element Q H is controlled by a horizontal scan pulse <f> 
h ( 0m/ $H2/ •••) applied from the horizontal scan circuit 5 to 
the gate of the horizontal switch element Q H . 

Further, this embodiment is equipped with means for 
applying a negative voltage to the gate electrode of the 
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transfer transistor Q r during a charge accumulation period, 
that is, a negative voltage generating circuit 21 . The negative 
voltage generating circuit 21 may be comprise a well-known 
voltage-increasing circuit, that is, a circuit for increasing 
the ground (GND) voltage to the negative side when viewed from 
the power source voltage. The output of the negative voltage 
generating circuit 21 is input to a buffer circuit 31 connected 
to the vertical scan circuit 4 . 

As shown in Fig. 4, the buffer circuit 31 is constructed 
by a p-channel MOS transistor 33 and an n-channel MOS transistor 
34, that is, it is constructed by an inverter circuit based 
on a so-called CMOS transistor. The power source voltage Vdd 
is connected to the drain side of the p-channel MOS transistor 
33, and the negative voltage generating circuit 21 is connected 
to the source side of the n-channel transistor 34. The input 
terminal of the inverter circuit is connected to the vertical 
scan circuit 4, and the output terminal thereof is connected 
to the vertical read-out line 11. 

In order to make the understanding easy, in this 
embodiment, the buffer circuit 31 is constructed by one-stage 
inverter circuit, however, it may be constructed by 
plural-stages inverter circuits. 

As shown in Fig. 1, the buffer circuit 31 is separately 
formed by the semiconductor well region 36. More specifically, 
as shown in Fig. 4, the p-channel MOS transistor 33 is formed 
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in the n-type semiconductor well region 3 7 , and the n-channel 
MOS transistor 34 is formed in the p-type semiconductor well 
region 38. Accordingly, the output of the negative voltage 
generating circuit 21 is input to the p-type semiconductor well 
region 3 8 of the buffer circuit 31 and the source region of 
the n-type channel MOS transistor 34 in the p-type 
semiconductor well region 38. The threshold value of the 
n-channel MOS transistor 34 is set to a high value. 

In the buffer circuit, thus, the inverter circuit 31, 
when a low-level pulse is input from the vertical scan circuit 
4 side, the p-channel MOS transistor 33 is turned on to output 
the power source voltage Vdd to the vertical read-out line 11 
at the output side. When a high-level pulse is input, the 
n-channel MOS transistor 34 is turned on to output the negative 
voltage to the vertical read-out line 11 at the output side. 

Next, the operation of the above-described MOS type 
solid-state image pickup device 1 will be described with 
reference to the operation timing chart of Fig. 2 . In this case, 
the power source voltage Vdd is set to 3.0V, for example, and 
the output of the negative voltage generating circuit 21 is 
set to -1.1V, for example. The description is made while the 
pixel 2 U at the lower left side of Fig. 1 is representatively 
noted. 

First, at the non-selection time of the pixel of the first 
line containing the pixel 2 n (during so-called charge 
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accumulation period), the operation pulse $ L applied to the 
gate of the load MOS transistor Q L (Q L1 , Q L2 ) , the read-out pulse 
0 T1 supplied to the vertical read-out line 11, the selection 
pulse $ A1 supplied to the vertical signal line 12 and the reset 
pulse 0 R1 supplied to the reset line 13 x are set to the low level. 
Here, the low level of only the read-out pulse 0 T1 is set to 
the negative potential, for example -1.1V by receiving the 
output of the negative voltage generating circuit 21 . The other 

pulses $ L , <fi A1 , $ R1 are set to OV. 

The potential of the detection portion N n is equal to 
a value lower than the power source voltage of 3.0V, and the 
potential v sigl of the vertical signal line S 1 is equal to 0V, 
whereby the transfer transistor Q T11 , the address transistor 
Q D11 and the reset transistor Q RU are turned off, and signal 
charges are accumulated in the photodiode PD n . In this 
embodiment, so-called photoelectron accumulation is carried 
out. 

Subsequently, the operation pulse 0 L and the selection 
pulse $ Ai are set to high level, and the load MOS transistor 
Q L and the address transistor Q D of first line are switched on. 
At this time, the load MOS transistor Q L (the load transistor 
Q L1 in the noted pixel 2 X1 ) and the amplifying transistor Q A of 
first line (the amplifying transistor Q A11 in the noted pixel 
2 1X ) form a source follower circuit, and the voltage 
corresponding to the potential of the detection portion N n 
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appears on the vertical signal line 8 X . 

Next, the reset pulse 0 R1 (high level) is applied to the 
gate of the reset transistor Q R * At this time, dark charges 
(dark electrons in this embodiment) accumulated in the 
detection portion N u are swept out ,and the detection portion 
N 12 is reset to the power source voltage Vdd, so that the 
potential of the vertical signal line 8 2 is also set to the 
corresponding value. 

Subsequently, the potential of the vertical signal line 
S 1 is input as reset level into the CDS /signal holding circuit 

Subsequently, the read-out pulse (high level) is applied 
to the transfer transistor Q T of the first line through the 
vertical read-out line At this time, the transfer 

transistor Q T of the first line is switched on, and the signal 
charges and the dark charges in the photodiode PD U are 
transferred through the transfer transistor Q T11 to the 
detection portion N n . In conformity with this operation is 
lowered the potential of the detection portion N n . The 
potential of the vertical signal line S 1 is also varied by the 
amount corresponding to the total charge amount of the signal 
charges and the dark charges by the source follower circuit 
comprising the load MOS transistor Q L1 and the amplifying 
transistor Q A11 . 

The potential of the vertical signal line 8-l is input as 
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signal level through the switch element Q sl to the CDS/signal 
holding circuit 6 lf and the difference between the potential 
thus input and the above-described reset level is taken and 
held. 

Subsequently, the reset pulse 0 R1 (high level) is applied 
through the reset line to the reset transistor Q R to turn 
on the reset transistor Q R (the reset transistor Q R11 in the noted 
pixel 2 X1 ) . The detection portion N n is reset to the power source 
voltage, and the potential of the vertical signal line 8 X is 
also reset to the corresponding potential. 

The selection pulse 0 A1 is returned to the low level (OV) . 
Since the source follower circuit is set to the off state, the 
pixels of the line concerned are returned to the non-selection 
state, and the charge accumulation is started. The vertical 
signal line 8 2 is returned to OV. 

Subsequently, the charge accumulation period is kept 
until the next line of pixels is selected. 

Through the above operation, all the pixels of the first 
line containing the pixels other than the noted pixel 2 1X are 
driven at the same time, and the signals of one line (that is, 
the difference signal between the signal level and the reset 
level) are stored in the CDS/signal holding circuit 6 (6 lf 6 2 ) 
at the same time. 

Subsequently, as not shown in Fig. 2, the horizontal scan 
circuit 5 is driven to apply the horizontal scan pulse 0 H to 
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the horizontal switch element Q H (Q H i/ Q H 2) so that the signals 
of the pixels of one line held in the CDS/signal holding circuit 
6 are successively led to the horizontal signal line 9 and 
output from the output terminal t out through the output 
amplifier 7. 

If the same operation is carried out on the pixels of 
the second line, the signals of the second line are read out, 
and the pixels of all the lines can be read out by successively 
driving the vertical scan circuit 4. 

It is important in this embodiment that the potential 
of the transfer gate of the transfer transistor Q T is set to 
a negative value during the charge accumulation period* If 
the potential of the transfer gate is negative, the amplitude 
of the voltage of the transfer gate is increased and thus the 
saturation signal amount is also increased to thereby enlarge 
the dynamic range. 

It is further important in this embodiment that the value 
of the negative potential of the transfer gate is set to such 
a level (in this embodiment, -1.1V) that a channel (in this 
embodiment, a channel for holes) is formed below the gate. 
During the charge accumulation period, dark current flows into 
the photodiode PD together with the photoelectrically- 
converted charges. As described above, the main origin of 
generating dark current when the photodiode PD comprises a 
so-called embedded photodiode having such a structure that an 



area having the opposite conduction type (for example , p-type 
semiconductor region) to that of a charge accumulation area 
(for example, n-type semiconductor region) of the photodiode 
is formed at the interface between the photodiode and the oxide 
film is the oxide film interface below the transfer gate as 
described above* Here, by setting the transfer gate to a 
negative potential and forming a cannel for holes, the dark 
current can be prevented without degrading the transfer 
characteristic . 

Fig. 9 is a characteristic diagram showing the 
relationship between the dark current of a pixel and the 
negative voltage to be applied to the transfer gate electrode 
of the transfer transistor PD. The axis of abscissas represents 
the negative potential of the transfer gate (the low level of 
the gate voltage) (V), and the axis of ordinates represents 
the relative values of dark current components . The measurement 
was made on two types of pixels which have the same pixel circuit 
construction and are different in layout. Signs of O and X 
represent two samples of a first layout ( same pixels ) , and signs 
of ♦, ■ represent two samples of a second layout (same pixels) . 

From the characteristic diagram of Fig. 9, it is proved 
that the dark current can be reduced irrespective of the layout 
of the pixels by applying a negative voltage to the transfer 
gate during the charge accumulation period. When the negative 
potential was reduced to about -0.5V, the reduction of the dark 
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current appeared, and when the negative potential was equal 
to about -0.8 or less, the dark current was substantially equal 
to zero. In this embodiment, the negative potential to be 
applied to the transfer gate is set to -0.5V or less, preferably 
to -0.8V or less. 

Figs. 5 to 8 show embodiments the constituting parts of 
pixels, particularly, photodiodes PD and transfer transistors 
Q T of various embodiments applied to the present invention. 

An embodiment of Fig. 5 is constructed by forming a second 
conduction type, for example, p-type semiconductor well region 
42 on an n-type or p-type semiconductor substrate 41 and then 
forming a photodiode PD and a transfer transistor Q T in a pixel 
area which is sectioned by an element separation layer (Si0 2 
layer) 43 formed by selective oxidation (LOCOS) of the p-type 
semiconductor well region 42. The photodiode PD is constructed 
as a so-called embedded photodiode by forming a first 
conduction type, for example, n-type semiconductor region 44 
serving as a charge accumulation region on a p-type 
semiconductor well region 42, and then forming a p-type 
semiconductor region 45 having the opposite conduction type 
to the n-type semiconductor region 44 on the surface of the 
n-type semiconductor region 44. 

The transfer transistor Q T is constructed by setting the 
n-type semiconductor region 44 of the photodiode PD as one 
source/drain region and forming a transfer gate electrode 4 8 



through a gate insulating film (for example, SiO film) 47 
between the region 44 and the other source/drain region 4 6 
formed in the p-type semiconductor well region 42- The other 
n-type semiconductor region 46 of the transfer transistor Q T 
is constructed as a detection portion N. 

In this construction, crystal defects 40 occur at the 
interface with the insulating film (for example, oxide film) 
50 on the photodiode PD and at the gate insulating film 
interface below the transfer gate, however, occurrence of dark 
current from the oxide film interface of the photodiode PD can 
be prevented by the p-type semiconductor region 45 of the 
embedded photodiode PD. Further, occurrence of dark current 
from the interface below the transfer gate can be prevented 
by setting the potential of the transfer gate electrode 4 8 to 
a negative value, for example, -1. IV to form an inverted layer, 
that is, a channel portion 49 for holes below the gate electrode 
48. 

An embodiment shown in Fig. 6 is constructed by modifying 
the construction of Fig. 5 so that an n-type semiconductor 
substrate 51 or a p-type semiconductor substrate 51 having an 
impurity concentration lower than that of a p-type 
semiconductor well region 4 2 is used as a semiconductor 
substrate, and a semiconductor region 52 based on an n" region 
having an impurity concentration lower than that of the p- 
type semiconductor well region 42 or based on a p" region is 



formed just below the n-type semiconductor region 44 of the 
photodiode PD so as to extend to the semiconductor substrate 
51. The other construction is the same as shown in Fig. 5. The 
corresponding elements to those of Fig. 5 are represented by 
the same reference numerals, and the duplicative description 
is omitted from the following description. 

In this construction, occurrence of dark current from 
the oxide film interface of the photodiode PD and dark current 
from the interface below the transfer gate can be prevented 
by the same construction as shown in Fig. 5. Further, since 
the n-type semiconductor substrate or the p-type semiconductor 
substrate having the impurity concentration lower than that 
of the p-type semiconductor well region 42 is used as the 
semiconductor substrate 51, and also the semiconductor region 
52 based on the n" region having the impurity concentration 
lower than that of the p-type semiconductor well region 42 or 
the p" region is formed only just below the photodiode PD in 
place of the p-type semiconductor well region 42, so that the 
overflow path of charges can be set in the longitudinal 
direction from the photodiode PD to the semiconductor substrate 
51 as indicated by an arrow c. 

Accordingly, the area of the overflow path can be set 
to a large value, so that the function of the overflow path 
is enhanced and the blooming suppressing capability can be 
enhanced. Therefore, the potential of the overflow path 



(semiconductor region 52) is set to a low value, so that the 
saturation signal amount of the photodiode PD can be increased 
and the dynamic range can be enlarged. This overflow path 
structure is effective irrespective of the negative potential 
of the transfer gate, however, if it is used in combination 
with the negative potential of the transfer gate, the reduction 
of the capability as the overflow path of the channel portion 
can be compensated, and thus the effect is particularly 
enhanced. 

An embodiment shown in Fig. 7 is constructed by modifying 
the construction of Fig. 5 so that a semiconductor region 54 
based on an n" region having an impurity concentration lower 
than that of the p-type semiconductor well region 42 or a p" 
region is formed in an area extending from a portion just below 
the photodiode PD to the source/drain region 46 of the transfer 
transistor Q T serving as the detection portion N. At least the 
area between the photodiode PD and the source/drain region 4 6 
serving as the detection portion N is formed of the 
semiconductor region 54 based on the n" region having a lower 
impurity concentration or the p" region. The other construction 
is the same as shown in Fig. 5. Therefore, the corresponding 
parts to those of Fig. 5 are represented by the same reference 
numerals, and the duplicative description thereof is omitted 
from the following description. 

In this construction, occurrence of the dark current from 
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the oxide film interface of the photodiode PD and the dark 
current from the interface below the transfer gate is prevented 
by the same construction as shown in Fig. 5. Further, no p-type 
semiconductor well region 42 is formed in the portion extending 
from the photodiode PD to the source/drain region 4 6 of the 
detection portion N, but the semiconductor region 54 based on 
the n" region having the impurity concentration lower than that 
of the p-type semiconductor well region 42 or the p" region 
is formed in place of the p-type semiconductor well region 42 , 
and the overflow path is set so as to pass under the channel 
portion forward the detection portion N as indicated by an arrow 
d. Therefore, as in the case of Fig. 6, the area of the overflow 
path is increased and the blooming suppressing capability is 
enhanced, and the potential of the overflow path ( semiconductor 
region 54) can be set to a low value, so that the saturation 
signal amount of the photodiode PD can be increased and the 
dynamic range can be enlarged. 

An embodiment of Fig. 8 is constructed by combining the 
constructions of Figs. 6 and 7. That is, in the construction 
of Fig. 5, the semiconductor substrate 56 based on the n" region 
having an impurity concentration lower than that of the p- 
type semiconductor well region 42 or the p" region is formed 
so as to extend from the lower side of the n-type semiconductor 
region 44 of PD through the lower side of the channel portion 
and the just lower side of a part of the n-type source/drain 



region and reach the semiconductor substrate 51. The other 
construction is the same as shown in Fig. 5. Therefore , the 
corresponding parts to those of Fig. 5 are represented by the 
same reference numerals, and the duplicative description 
thereof is omitted from the following description. 

in this construction, the overflow path is formed so as 
to extend to the substrate 41 side and the detection portion 
N side as indicated by arrows c, d and the same effect as shown 
in Fig. 6 can be achieved. 

The semiconductor regions 52, 54, 56 based on the n~ 
region having lower impurity concentration or the p"* region 
are not particularly formed of Figs. 6 to 8, and the impurity 
concentration of the substrate can be directly used. 

According to the MOS type solid-state image pickup device 
1 of the above embodiments, by applying the negative voltage 
to the gate electrode 48 of the transfer transistor Q T during 
the charge accumulation period for which the charges are 
accumulated in the photodiode PD, the dark current components 
occurring below the transfer gate are suppressed, and the dark 
current in the solid-state image pickup device can be reduced, 
so that S/N can be enhanced and the image quality can be enhanced. 
At this time, the reduction of the dark current itself 
contributes to enlargement of the dynamic range. By applying 
the negative voltage to the gate electrode 48, the amplitude 
of the gate voltage can be increased, and the saturation signal 
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amount of the photodiode PD, that is, the number of saturation 
electrons is increased, thereby enlarging the dynamic range. 

The semiconductor region 52, 54 or 56 constructed by the 
n~ region or p" region is formed and the overflow path is formed 
in a bulk out of the channel portion of the transfer transistor 
Q T , so that the area of the overflow path can be increased and 
the function of the overflow path can be greatly enhanced. 
Accordingly, the blooming can be excellently suppressed. 
Further, both the suppression of the blooming and the 
enlargement of the dynamic range are compatible with each 
other. 

In Fig. 1, the negative voltage generating circuit 21 
is installed in the solid-state image pickup device as the means 
for inputting the negative voltage to the transfer gate. 
However, a voltage input terminal may be separately equipped 
to the device to input the negative voltage from the external 
of the solid-state image pickup device. 

In Fig. 1, the pixel 2 is constructed by a photodiode 
PD and four MOS transistors Q T , Q A , Q D , Q L , however, the pixel 
may be designed in any other construction insofar as it contains 
at least a photodiode and a transfer transistor Q T . 

In the above embodiments, the present invention is 
applied to an MOS type solid-state image pickup device in which 
signal charges are electrons, however, the present invention 
may be applied to an MOS type solid-state image pickup device 
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in which signal charges are holes. In this case, the transfer 
transistor comprises a p-channel MOS transistor having the 
opposite conduction type to that described above. Accordingly , 
when charges are accumulated in the photodiode, a positive 
voltage, that is, a positive voltage which is increased to a 
value higher than the power source voltage is applied as the 
gate voltage of the p-channel transfer transistor. Further, 
the construction of the pixels in Figs. 5 to 8 is modified so 
that the conduction types of each substrate and each 
semiconductor region are inverted. The overflow path may be 
formed in the same manner. 

According to the solid-state image pickup device of the 
present invention, the gate voltage of the transfer transistor 
when electrons or holes are accumulated as charges into the 
photodiode is set to a negative voltage or positive voltage, 
whereby the dark current can be greatly reduced and S/N can 
be enhanced to improve the image quality. By using the negative 
voltage or positive voltage, the amplitude of the transfer gate 
can be increased, so that the saturation signal amount of the 
photodiode can be increased and the dynamic range can en 
enlarged. The reduction of the dark current itself contributes 
to the enhancement of the dynamic range. 

An area extending to one of the substrate side and the 
detection portion side or both the substrate side and the 
detection portion side is formed of an n-type semiconductor 



substrate having an impurity concentration lower than that of 
a semiconductor well region or a p-type semiconductor region 
in a bulk out of the channel portion of the transfer transistor 
so that the area functions as an overflow path, whereby the 
cross-sectional area of the overflow path can be set to a large 
value and the function of the overflow path is enhanced to 
sufficiently suppress blooming. Further, the dynamic range can 
be also enlarged together with the suppression of the blooming* 

According to the driving method for the solid-state image 
pickup device according to the present invention, the gate 
voltage of the transfer transistor when electrons or holes are 
accumulated as charges into the photodiode is set to a negative 
voltage or positive voltage, whereby the dark current can be 
dramatically reduced, and S/N and the image quality of the 
solid-state image pickup device can be enhanced- Further, since 
the amplitude of the transfer gate can be increased, the 
saturation signal amount of the photodiode can be increased 
and the dynamic range can be enlarged. 

The charges overflowing from the photodiode are passed 
through the bulk out of the channel portion of the transfer 
transistor and flow to one of the substrate side and the 
detection portion side or both the substrate side and the 
detection portion side, so that the blooming can be 
sufficiently suppressed. The dynamic range can be also enlarged 
together with the suppression of the blooming. 



